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BULLETIN 


OF THE 


AMERICAN PHYSICAL SOCIETY 


New YorK MEETING, SEPTEMBER 19-20-21, 1946 


HE 274th meeting of the American Physical 
Society, jointly sponsored by the American 
Society of Mechanical Engineers, the Metro- 
politan Section of the American Physical Society, 
and the Metropolitan Section of the American 
Society of Mechanical Engineers, will be held 
at New York, in The Engineering Societies Build- 
ing at 29 West 39 Street, on Thursday, Friday, 
and Saturday, September 19, 20, and 21, 1946. 
This meeting is timed to take advantage of the 
presence in the East in the fall of a number of 
distinguished physicists from abroad and from 
home. Its purpose is to provide an opportunity 
to discuss problems and prospects at the fron- 
tiers of fundamental physics. The plan of the 
meeting is to allow as much time as possible for 
discussion. On this account, special discussion 
panels have been arranged at the close of each 
of the three days of the meetings. For the same 
reason limitations were placed on the subject 
matter which would be accepted. Also, the text 
of the abstracts of invited papers has been ex- 
tended beyond the limits imposed on con- 
tributed papers to allow better opportunity in 
advance of the meeting for general consideration 
of the subject matter. It is hoped that this pro- 
cedure will allow the presentation of the papers 
to take place in a shorter time and allow more 
time for discussion. 

We are indebted for our meeting hall to the 
American Society of Mechanical Engineers. This 
Society informs us that it wishes to put on record 
in this way its feeling of kinship with and interest 
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in the future progress of the science on which 
engineering rests as a foundation. 
The program for the meeting is made up as 


follows: 


THURSDAY, 
SEPTEMBER 19 


SATURDAY, 
SEPTEMBER 21 


Cosmic-Ray and 
Subnucleonic cs 
9:30 a.m., Room 501 


Invited papers 
(15 minutes) 
E. U. Conpon, 
presiding 


Theories of the 
Elementary Particles 
10 a.m., Room 501 

Contributed pa; 
(10 — 
G. G. Hype, 
presiding 


Accelerators 
10 A.M., Room 501 
Contributed papers 
(10 minutes) 
L. W. ALVAREZ, 
presiding 
Cosmic-Ra: 
Subnucleonic 
10 A.M., Room 502 
Contributed papers 
(10 
L. A. DuBRIDGE, 
presiding 


and 


Lunch 


Cosmic-Ray and 
Subnucleonic 
2:15 p.m., Auditorium 
Invited papers 
(20 minutes) 
L. A. DuBRIDGE, 
presiding 


Theories of the 
Elementary Particles 
2:15 p.m., Room 501 

Invited papers 
(20 minutes) 

K. K. Darrow, 

presiding 


Accelerators 
2:15 p.m., Auditorium 
Invited papers 
(20 minutes) 

E. U. Connon, 
presiding 


Discussion 
4:15 p.m., Auditorium 


Leader: 
P. M.S. BLACKETT 


Discussion 
4:15 P.m., Room 501 


Leader: 
J. R. OpPENHEIMER 


Discussion 
4:15 p.m., Auditorium 


Leader: 
C. G. Sutts 


Dinner 


7 PM. 


Faculty Club of 
Columbia University 


The registration desk will be located in The 
Engineering Societies Building. 
There will be no headquarters hotel. Members 
should request their own hotel reservations as soon 
as possible. Nearby hotels with price ranges are: 


AG 
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Dryden Hotel 


AMERICAN PHYSICAL SOCIETY 


150 W. 39 Street, New York 16 


$3.50 up 


Martinique Hotel Broadway at 32 Street, New York 1 2.75 up 
Pennsylvania Hotel Seventh Avenue at 31 St., New York | 3.85 up 
Allerton House 143 E. 39 Street, New York 16 2.25 up 
New Yorker Hotel 8th Avenue at 34 Street, New York | 3.85 up 
Peter Cooper Hotel 130 E. 39 Street, New York 16 3.00 up 
The Roosevelt Madison Avenue at 45 Street, New York 17 4.50 up 
Midston House Madison Avenue at 38 Street, New York 16 2.25 up 
Sheraton Hotel Lexington Avenue at 37 Street, New York 16 3.85 up 
Tuscany Hotel 120 E. 39 Street, New York 16 4.75 up 
' Vanderbilt Hotel 34 Street at Park Avenue, New York 16 3.00 up 
Roger Williams Hotel 28 E. 31 Street, New York 16 2.00 up 


The suggestion has been offered that members 
with names beginning with the letters A-H and 
having no special preference write one of the 
first four hotels, those in the I-P range write one 
of the second. four hotels, and those in the Q-Z 
range write one of the last four hotels. Conceiv- 
ably this procedure might distribute the reserva- 
tions more uniformly among the hotels. 

The dinner of the society will be held at 7 P.M. 
on Friday at the Men’s Faculty Club of Colum- 
bia University, 400 West 117 Street, with an 
after-dinner address by N. Bohr. To get to the 
Men’s Faculty Club, use the IRT West Side 
Subway which has stations at Pennsylvania 
Station and at Times Square. Be sure to take 
an uptown train marked either ‘‘B’way-7th Ave. 
Express—Van Cortlandt Park” or ‘‘B’way-7th 
Ave. Local—137th St. Broadway.”’ Get off at 
116 Street and walk one block east, one block 
north and again one block east to 400 West 
117 Street. If, on emerging from the subway at 
116 Street, you find yourself on Lenox Avenue, 
you have failed to follow the foregoing instruc- 
tions and should take the first train in the reverse 
direction back to 96 Street and try again. The 
price of the dinner is $1.75 including tax and tips. 
Send in immediately the form printed on the 
inside back cover page. The Local Committee 
reserves the right to make not more than two 
reservations per applicant. No tickets will be 
held after 4:30 P.m. on Friday unless a check 
(to be made out to the American Physical So- 
ciety) is sent with the form, and no ticket at all 
will be held after 6:30 P.M. 

The Council will meet on Thursday evening at 
a place of which the members will be notified. 

A meeting of the High-Polymer Division of 
the American Physical Society, devoted to the 
topic “Textiles and Textile Fibres,”’ will be held 
at Charlottesville (Virginia) on September 26-28. 


PROSPECTIVE MEETINGS OF THE SOCIETY 


275. Minneapolis, November 29-30, 1946. 

276. Winter meeting on the West Coast. (To be 
arranged.) 

277. New York, January 23-25, 1947. (1946 
Annual Meeting.) 

278. Washington, May 1-3, 1947. 


LANTERN SLIDES 


Speakers should give their lantern slides to the 
operator at the beginning of the session in which 
their papers are to be presented. The box con- 
taining the slides should be plainly marked with 
the number of the paper and the name of the 
author. 


GENERAL RULES RELATING TO PAPERS 


The time allowed for the oral presentation of a 
contributed paper is ten minutes at most. 

When two or more papers are contributed by 
the same member, all but one are placed on the 
“supplementary programme.” (A paper by two 
or more members is credited to the one first 
named in its title.) For each paper on this pro- 
gramme the Secretary indicates a session at 
which it may be presented. The presiding officer 
at this session may call for it when the other 
papers are completed, may require that it be 
given in shortened form, or may read it by title. 

Titles and abstracts of the papers to be pre- 
sented are given in the following pages. Proofs 
of these abstracts have not been submitted to 
the authors. After submission of proof the ab- 
stracts will be published in an early number of 
The Physical Review. 


KARL K. Darrow, Secretary 
American Physical Society 
Columbia University 

New York 27, New York 


PROGRAMME 


THURSDAY MORNING AT 9:30 


Room 501 


(E. U. Conpon presiding) 


Cosmic-Ray and Subnucleonic Physics 


Invited Papers 
(15 Minutes) 


Cl. On the Determination of the Energy Spectrum and 
Sign of Primary Cosmic Radiation. M.S. VALLarta, M. L. 
PERUSQUIA AND J. DE OyARZABAL, University of Mexico.— 
One of us' suggested the measurement of the azimuthal 
effect of cosmic radiation as a means of determining the 
sign and the energy spectrum of primary cosmic rays. This 
experiment, of duration exceeding 100 days for each con- 
tinuous run, has now been carried out in Mexico City 
(geomagnetic latitude 29° N, altitude 2250 m) using trains 
of triple coincidence counters. The zenith angle is kept 
constant throughout a given run and only the azimuthal 
angle is changed by rotating the apparatus around a verti- 
cal axis. The rotation and photographic recording is wholly 
automatic. The apparatus was designed and built by A. 
Bafios, Jr. and M. L. Perusquia.? The theory of the experi- 
ment depends on the knowledge of the allowed cone and 
particularly of the so-called penumbra bands. Since the 
length of atmospheric path traversed by cosmic rays is 
the same, it is assumed that the number of particles counted 
by the instrument in a given direction is a measure of the 
number of primary particles arriving outside the atmos- 
phere from the same direction. The experiment as per- 
formed explores the energy band between 0.512 and 0.307 
Stérmer (14.5 and 6.3 Bev for protons). In this band the 
energy spectrum is best represented by the law K/E*, 
where K is a constant, E is the energy and c varies between 
3.7 for high energies and 2.4 for low energies. There is no 
indication of negative particles. Possibly the results could 
also be explained by a line spectrum of positive particles 
alone, with sharp lines corresponding to energies around 
0.35, 0.38 and 0.45 Stérmer (6, 8 and 13 Bev for protons), 
but only much better resolution could finally settle this 
point. The present results agree satisfactorily with those 
derived from the experiments of Gill,‘ carried out in Lahore 
(Punjab, India, 22° geomagnetic latitude). 


1M. S. Vallarta, Rev. Mod. Phys. 11, 239 (1939). 
2 An account of the design, construction and operation of this instru- 
ment by A. Bafios, Jr. and M. L. + sap will be submitted shortly 


to the Review of Scientific Instrume 
+R. A. Hutner, Phys. Rev. 55, 15 '5 (1939); SS, 614 (1939). 
4P.S. Gill, Phys. Rev. 67, 347 (1945). 


C2. The Periodic Orbits of Cosmic-Ray Particles at 
High Magnetic Latitudes. CarLos GRAEF-FERNANDEZ, 
Institutos de Fisica y de Matemdticas de la Universidad 


Nacional de México, and Observatorio Astrofisico de To- 
nanzintla, Puebla—The forms of the trajectories of pri- 
mary cosmic-ray particles are analyzed in the large, start- 
ing with the differential equations of motion. It is found 
that the distribution of points of inflection and flat points 
along an orbit is essential in determining its form. From 
purely geometrical considerations it follows that all periodic 
orbits of the primary cosmic radiation cut the geomag- 
netic equator. An important physical consequence of this 
result is the fact that, since there are no periodic orbits 
which remain at a high magnetic latitude, charged cosmic 
particles cannot stay in those regions moving periodically 
around the dipole. When the sun has an outburst of charged 
particles which arrive at the vicinity of the earth, these 
can form an equatorial ring-current which lasts a short 
time, but they can never form ring-currents at high mag- 
netic latitudes. Thus it is a sufficient approximation to 
consider an equatorial ring current in dealing with mag- 
netic storms due to moving charged particles, as Vallarta 
has suggested. 


C3. Attempt of an Analysis of Some Cosmic-Ray Phe- 
nomena. R. P. FEYNMAN AND H. A. BETHE, Cornell 
University.—Schein, Jesse and Wollan' have suggested 
that the primary cosmic radiation consists predominantly 
of protons, and have given evidence for this hypothesis. 
They assume that the protons produce mesons by colli- 
sions with the nuclei of the air, and that the mesons decay 
into electrons and neutrinos, thus giving rise to the soft 
component. We wish to develop this hypothesis more 
quantitatively, without making specific assumptions about 
the theory of the processes involved. The following experi- 
mental data were used: (1) The intensity of the hard 
component as a function of altitude! (see also private 
communication by Dr. Schein. (2) The ratio of soft to 
hard component up to 4300 meters.? (3) The total vertical 
intensity as a function of altitude from 4300 meters up, 
measured by coincidences.*4 (4) The energy distribution 
of mesons at sea level.’ (5) The energy distribution at 
Echo Lake.* Curves representing a consolidation of these 
data will be presented. In addition, we made the following 
assumption, based both on theoretical and experimental 
evidence: (6) A proton produces in general several mesons 
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in a collision with a single nucleus, and loses almost all its 
energy in this process. The cross section for such collisions 
_ is about the geometrical size of the nucleus, so that protons 
in air will be absorbed to 1/e in a distance of about 60-cm 
water equivalent. The conclusions we have reached so 
far are the following: (1) In spite of the multiple meson 
production, there need not be a maximum in the total 
intensity of the hard component as a function of altitude. 
This is because the meson decay is proportional to the 
distance traveled, whereas the production is proportional 
to the amount of material traversed. No maximum in the 
intensity has been observed. From this it can be concluded 
that the average multiplicity of production, », is smaller 
than A+1 where A is related to the average decay of the 
mesons. Assuming Rossi’s measurement of the lifetime,® 
A =1 Bev/E where E is an average meson energy. Near the 
magnetic equator, the intensity as a function of altitude 
might have a maximum, because either the average multi- 
plicity of production or the average energy of the mesons 
would be higher. (2) The increase in the soft component 
below the top of the atmosphere should at first be linear 
until, at about 4-cm Hg, shower multiplication becomes 
important. The initial rate of increase of the total intensity 
should be »—1 times the rate of decrease of the primary 
protons, because each decaying meson produces one elec- 
tron. Present evidence indicates that » is greater than 1 
but probably less than 4. Together with the shape of the 
curve for the hard component (point 1), this indicates 
that the average meson energy is somewhat but not much 
below 1 Bev. Moreover, the relatively slight rate of in- 
crease of the soft component shows that not many (if any) 
mesons can be produced with decay much faster than nor- 
mal mesons. Finally, the decay of mesons seems to be of 
the right order of account for all of the soft component at 
high altitude and there seems to be no need for an addi- 
tional mechanism such as Arley’s negative proton.’ (3) If 
the total energy*‘ (integrated ionization by vertical radia- 
tion) of the cosmic radiation is compared with the number 
of incident primary protons,! the energy per primary comes 
out to be about 4 Bev. On the other hand, from the latitude 
distribution* and the effect of the magnetic field of the 
earth, the average energy of the incident particles at 50° N 
latitude is calculated to be about 9 Bev. The two results 
can be reconciled on our assumption that the soft compo- 
nent is produced by decay of mesons into electrons and 
neutrinos. Since the neutrinos have no observable effects, 
the total energy of the soft component should be doubled. 
Of the total energy dissipation of 4 Bev per primary, 1 
Bev is spent by the hard and 3 Bev by the soft component. 
Doubling the latter, we get a total of 7 Bev, in sufficient 
agreement with the result from the latitude effect, 9 Bev. 
Further improvement in the agreement may result from the 
production of mesons by photons (point 4). (4) The energy 
distribution of mesons at sea level® is in good agreement 
with the assumption that they are produced near the top 
of the atmosphere with an energy distribution of the form 
E+E and are subject to ionization loss and decay in 
the atmosphere. However, the energy distribution at 
Echo Lake‘ contains too many slow mesons for such a 
hypothesis. It is difficult to account for these slow mesons 
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by production near the top of the atmosphere (where they 
would have energies of about 1.5 Bev). It seems likely 
that the slow mesons are produced at lower elevations by 
photons whose energy distribution would explain the pre- 
dominance of slow mesons. The cross section for produc- 
tion by photons would be of the order of 10-?7 cm? per 
nucleon. Some direct evidence for such production has been 
obtained.* (5) The intensity of soft radiation at any given 
elevation is due partly to decay of mesons while in motion, 
partly to decay of mesons which have been stopped. The 
number of electrons in the soft component above 20 Mev 
which would be expected to arise in this way agrees very 
well with the number measured by Greisen as a function of 
altitude. (6) The large number of processes necessary to 
produce the soft component, plus the large scattering of 
the electrons by the air atoms, will decrease the correlation 
between the direction of the primaries and that of most of 
the shower electrons. This may explain the smaller East- 
West effect observed for soft as compared with hard 
component at high altitude—provided this observation 
proves correct. We have so far not attempted any analysis 
of the large air showers. However, we believe that all 
phenomena involving energies up to about 10" ev can be 
explained by the proton-meson-electron hypothesis and 
that there is no clear evidence for other primaries than 
positive protons, or for the existence of fast-decaying 
mesons. 

1 Schein, Jesse, and Wollan, Phys. ool 59, 615 (1941). 

2 K. Greisen, Phys. Rev. 61, 212 (1942). 


oo. Neher, and Pickering, Phys. Rev. 61, 397 (1942); 63, 234 

4 Carmichael and Dymond, Proc. Roy. Soc. 171, 321 (1939). 

5 This has been measured indirectly with a cloud chamber by Haydn 
ones, Rev. Mod. Phys. 11, 235 (1939), and indirectly by absorption 
n lead of various thickness by Nielson, Ryerson, Nordheim, and 
Morgan, Phys. Rev. 59, 548 (1941), and in the earth, J. Clay, Physica 6, 
184 (1939), and V. C. Wilson, Phys. Rev. 53, 337 (1938 ). 

6 Rossi, Stearns, Froman, and Koontz, Phys. Rev. 61, 675 (1942). 

7N. Arley, Kgl. Danske Vid. Sel. 23, No. 7. 

(eae for example, Schein, Jesse, and Wollan, Phys. Rev. 57, 847 
). 


C4. Multiple Production of Mesons by Protons. H. A. 
BETHE, Cornell University.—Heitler, Hamilton, and Peng'-? 
have calculated the production of mesons by collisions 
between two nucleons, using the Weiszaecker-Williams 
method and a calculated cross section for the scattering of 
mesons by nucleons. We shall in this paper assume their 
scattering cross section to be correct. H. H. P. assume that 
in a collision between two nucleons only one meson can be 
produced. Any multiple production of mesons in collisions 
between a proton and a nucleus is attributed to the fact 
that the nucleus contains many nucleons which can be 
struck successively by the proton.’ A result of the theory 
is that the multiplicity of production is small, that the 
cross section is considerably greater than the geometric 
cross section of the nucleus, and that protons (or neutrons) 
of considerable residual energy may emerge from the 
collision. We believe that actually several mesons can be 
produced even in a collision between two individual 
nucleons. In the Weiszaecker-Williams method, we con- 
sider the passage of two nucleons at a certain distance b 
(impact parameter). One nucleon is considered as carrying 
a field of virtual mesons, any one of which may be scattered 
by the other nucleon and thereby be converted into a real 
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meson. Now the various virtual mesons can be scattered 
quite independently, subject only to the condition that 
the sum of their charges compensates the change of charge 
of the nucleons. Because of the large coupling between 
mesons and nucleons, a close passage (b<h/yc where 
w#=meson mass) will in general lead to the emission of 
several mesons of different energy. In the theory of 
Heitler and Peng this fact appears in the form that for 
small 6 the probability of meson emission is greater than 
one: This fact whose correct interpretation is multiple 
production was overlooked by the authors and, after inte- 
gration over the impact parameter }, gave rise to their 
excessive cross sections. In the analogous process of 
Bremsstrahlung, the emission of several quanta in one 
collision is, of course, very unlikely because of the small 
coupling. However, in principle, the emission of several 
quanta is certainly possible.* In a collision between two 
nucleons, then, the close passages (b<h/yc) lead to mul- 
tiple production while the most distant passages given an 
exponentially decreasing probability of production. The 
total cross section is of the order of (h/yc)*. In a collision 
between a nucleon and a heavy nucleus, the multiplicity 
suggested by Janossy, i.e., in that due to successive colli- 
sion with several nucleons in the nucleus, is superposed 
upon that in the elementary process. Therefore the inci- 
dent nucleon (and any nucleon ejected from the nucleus) 
will, in general, lose a very large fraction of its energy and 
will emerge with such low energy that it can hardly produce 
any further mesons in another nucleus. This makes cascade 
processes very unlikely. The number of mesons produced 
in the collision of a very fast (>10" ev) nucleon with a 
very heavy nucleus is very large; an estimate gave a result 
of 10-20. The cross section, on the other hand, is nearly 
equal to the geometric cross section of the nucleus because 
distant collisions give a negligible probability of meson 
production. This picture is in reasonable agreement with 
experimental evidence. Janossy, Rochester, and others® 
have obtained considerable evidence for multiple produc- 
tion of mesons. Schein (private communication) has found 
that the absorption of the meson-producing radiation (pre- 
sumed to be protons) in air corresponds nearly to the geo- 
metric cross section of the nitrogen nucleus, i.e., the in- 
tensity falls by a factor e in 60-100-cm water equivalent. 
Multiple production in an elementary process is in agree- 
ment with the general arguments of Heisenberg* concerning 
the “fundamental length’’ in quantum theory, and we be- 
lieve this conclusion to be correct independently of the 
special assumptions on the meson scattering cross section. 


!W. Heitler and H. W. Peng, Proc. Roy. Irish Acad. 
ot Hamilton, W. Heitier, ax and H. W. Peng, Rev. Mod. Phys. 64, 78 


(1943). 
+L. Janossy, Phys. Rev. 64, 345 (1943); W. Heitler and P. Walsh, 
Rev. Mod. Phys. 17, 99 (1946). 

4 See, e.g., Bloch and Nordsieck, Phys. Rev. (1937). 

5 Janossy ‘and Rochester, Proc. —v bay 182, 180 (1943); 183, 186 


(1944); and further literature quoted 
*W. Heisenberg, Ann. d. Physik 32. 30 (1938). 


C5. On the Production of Groups of Mesons and 
Nucleons. GLEB WATAGHIN, Universidade de Sao Paulo, 
Brazil—Showers of penetrating particles in the penetrat- 
ing particles in the cosmic rays were observed by a group 
of physicists in Sao Paulo (1939-1946) and independently 


in England (by L. Janossy, P. Ingleby, and G. D. 
Rochester). The experimental techniques used in Sao 
Paulo are described and discussed. An attempt to deter- 
mine the average number of mesons in the core of the 
shower is made. Some theoretical problems concerning the 
production and the absorption of mesons (including the 
absorption in great depths) are discussed. If m indicates 
the number of mesons produced by a collision of the nucleon 
P with a nucleus A, and a relation is assumed to hold be- 
tween » and the total energy (Ep+Ea) measured in the 
frame of the centrum of masses of both particles, then a 
Lorentz transformation to the frame in which the nucleus 
A is at rest, gives the corresponding functional dependence 
of » from the primary energy Ep’ of the nucleon P. An 
argument based on the observation of mesons at great 
depths seems to support the relation n~./Ep’. (See 
Symposium sobre raios cosmicos, Rio de Janeiro, 1941 (Im- 
prensa Nacional, 1943) p. 132.] 


C6. Cosmic-Ray Effects at High Altitudes. C. B. 
ANDERSON, California Institute of Technology.*—It is pro- 
posed to discuss the absorption and production of cosmic- 
ray particles with particular reference to those effects 
which give rise to particles for massive electrons. Such 
effects occur principally at the higher altitudes. Among the 
questions which have not received a complete answer are: 
(1) nature of the particles and the mechanism responsible 
for the production of mesotrons, (2) nature of the particles 
which produce and are produced by the disintegration 
characterized by the ejection of several particles from one 
center, (3) relationship between the above phenomena and 
cascade showers, and (4) mass of the mesotrons. 


* 20-minute paper. 


C7. Some Problems in the Study of Cosmic-Ray 
Mesons. Bruno Rosst, Massachusetts Institute of Tech- 
nology, Cambridge.*—Through the study of cosmic-ray 
mesons the following facts have been established: (1) 
Most of the mesons observed near sea level have a mass of 
the order of 200 electron masses. (2) Mesons are unstable 
and their mean lifetime is approximately 2 microseconds. 
(3) Mesons are not part of the primary cosmic radiation 
but are produced in the atmosphere, directly or indirectly, 
by primary rays which are for the most part positively 
charged. Many fundamental questions concerning cosmic- 
ray mesons, however, still remain unanswered or have 
only received a tentative answer. Among these questions 
the most important are: (1) Do all mesons have the same 
mass? (2) Do all mesons have the same spin, and if so, 
what is the value of the spin? (3) Do all mesons undergo 
disintegration, and if not, what happens to the mesons 
which do not disintegrate? (4) What are the processes by 
which mesons are produced; what is the nature and what 
are the properties of the meson producing radiation? The 
following experimental data bearing on the questions listed 
above are discussed in the present paper. (1) Cloud chamber 
determinations of the meson mass. While most of the meas- 
urements give masses of the order of 200 electron, some 
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pictures have been interpreted as showing the existence of 
mesons with much smaller or much larger masses. (2) 
Ionization chamber data on bursts associated with the hard 
component of cosmic rays. These bursts are interpreted as 
the result of radiation processes of mesons. Experiments at 
sea level are in agreement with the hypothesis that mesons 
have spin 0 or 3, while experiments in the mountains may 
be interpreted as indicating the existence of a certain 
number of mesons of spin 1 at high altitude. (3) Experi- 
mental data on the ratio between the numbers of electrons and 
mesons in the atmosphere. The value of this ratio at sea 
level is moderately well in agreement with the hypothesis 
that all electrons are produced by disintegration or colli- 
sion processes of mesons if one assumes that each meson 
disintegrates into an electron and a neutrino. (This inci- 
dentally seems to rule out the possibility of mesons having 
spin 4.) The above hypothesis, however, does not explain 
the observed rapid increase of the ratio of electrons to 
mesons with altitude, unless one assumes the existence at 
high altitude of mesons with a lifetime considerably shorter 
than 2 microseconds. These short-lived mesons might well 
be identical with the mesons of spin 1, discussed in con- 
nection with the experiments on bursts. Another possible 
explanation of the experimental results, of course, is that 
not all of the electrons observed at high altitude are pro- 
duced by mesons. (4) Experiments on the disintegration of 
mesons at rest. These experiments seem to indicate that 
only half of the mesons which have been brought to rest, 
undergo disintegration. There is some evidence to the 
effect that the mesons which disintegrate are the positive 
ones, (5) Experiments on the variation of meson intensity 
with height. These experiments seem to indicate that all 
mesons are subject to decay, while traveling in the air. 
This result may be reconciled with that of the experi- 
ments mentioned above if one assumes that negative as 
well as positive mesons are unstable but that negative 
mesons, when brought to rest, may be absorbed by a 
competitive nuclear process before having a chance to 
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disintegrate. The experiments on the variation of meson 
intensity with height do not seem to reveal the existence 
of any appreciable number of short lived mesons up to an 
altitude of about 4000 meters. (6) Experimental data on the 
production of mesons, including cloud-chamber observations, 
counter experiments on the production of meson showers, 
counter experiments showing the production of penetrating 
rays by penetrating non-ionizing radiation. These data seem 
to indicate that the meson producing rays (protons? neu- 
trons?) have a mean free path roughly of the order of 100 
g/cm?, and independent of atomic number. The experi- 
mental picture concerning the production of mesons, how- 
ever, is by no means clear or free from contradictions. 


* 20-minute paper. 


C8. Origin of Cosmic-Ray Mesons. MArceL SCHEIN, 
University of Chicago.*—In a series of balloon experiments 
carried out by the Chicago group, it was found that charged 
particles capable of penetrating 18 cm of Pb are present 
in large numbers close to the top of the atmosphere (at 
pressures of 1.8 cm of Hg). The majority of these particles 
consists of mesons since their absorption in atmospheric 
layers is considerably higher than in equivalent thick- 
nesses of solid material. Because of the large cross section 
required for the production process of mesons at pressures 
below 8 cm of Hg (maximum of the electronic transition 
curve) electrons and photons are excluded as a major 
factor of producing cosmic ray mesons. It is assumed that 
they originate from primary protons interacting with air 
nuclei. This assumption is supported by experiments 
showing that practically all the multiple mesons observed 
under a few centimeters of paraffin are produced by ionizing 
rays. The multiple production of mesons in paraffin was 
still observable at an atmospheric pressure of 17 cm Hg. 
This demonstrates that mesons are produced over a con- 
siderable depth of the atmosphere. 


* 20-minute paper. 


C9. On the Recoil of the Nucleus in Beta-Decay. 
J. C. Jacossen, Institute of Theoretical Physics, Copen- 
hagen.—To obtain a quantitative determination of the 
recoil energy in a §-transformation the active substance 
must be a monatomic gas at a pressure which is so low that 
the mean free path is large com pared with the dimensions 
of the apparatus. Then the recoil atoms remain charged 
before their collisions with the wal Is, and the recoil energy 
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can be determined by a retarding field. If the daughter 
substance formed in the transformation is radioactive, the 
number of recoil atoms passing through the retarding field 
can be simply determined. The use of a monatomic gas is 
necessary because a recoil atom which forms part of a 
molecule will share its energy with the other atoms of the 
molecule. In the experiments **Kr, formed by uranium 
fission, was used, the total pressure in the apparatus being 


of the order of 10~* to 10-* mm Hg. The recoil atoms, being 
ions of **Rb, could by a simple procedure be separated 
from all other Rb and Cs isotopes formed in the fission 
process. The upper limit of energy for the recoil atoms from 
88Kr was found to 51.542 ev. The upper limit of energy 
for the B-spectrum is 2.4 Mev, to which corresponds a 
recoil energy of 50 ev; the agreement between the two 
values is as good as could be expected from the accuracy 
of the results. The method does not give a determination 
of the recoil energy in individual transformations; only 
the energy distribution of the recoil atoms can be de- 
termined. From a comparison of the measured energy dis- 
tribution with that to be expected from the 6-spectrum it 
was found that (1) the emission of a neutrino must be 
assumed, (2) the neutrino is probably emitted mainly in 
the same direction as the #-particle. To settle this last 
point definitely further refinements in the experiments are 
necessary. 


C10. Recent Cloud-Chamber Observations of the Soft 
Component of Cosmic Rays. WAYNE Hazen, University 
of California.—Recent observations at the University of 
California have permitted comparisons with theory that 
are more exacting than previously possible for the origin 
of the soft component at sea level and for its interactions 
with matter. The intensity (from angles near the zenith) 
of electrons relative to mesotrons has been determined by 
B. Lombardo from observations with a cloud chamber that 
contained lead plates. Electrons were differentiated from 
mesotrons by their scattering and ionization in the case of 
high energies. From range-energy relationships for the 
lower energies and shower curves for the higher energies, 
an energy distribution was assigned to the electrons. The 
production of high energy secondary electrons by meso- 
trons in decay or collision events appears to account for 
all of the observed electrons. The production of collision 
electrons has been studied separately for the case of lead 
by S. Nasser and an energy distribution obtained. In order 
to eliminate the uncertainties resulting from the transla- 
tion of the observations to the case of air, experiments are 
in progress for determining the production of collision elec- 
trons in water where the atomic number is close to that 
for air. The collision loss in the production of ions by cos- 
mic-ray electrons in air has been determined by simul- 
taneous ionization and momentum measurements. The 
relativistic rise in ionization has been verified quite ac- 
curately up to a point where the ionization has increased 
by more than one-third. More recent observations by E. 
Clement indicate the expected twofold ionization at en- 
ergies of roughly 1000 Mev. The absolute values of the 
ionization as well as the relative values are in accord with 
the theory. Radiation loss by cosmic-ray electrons has 
been studied indirectly from observations of cascade 
showers in lead by S. Nassar. The energies of electrons 
with E<25 Mev were determined by curvatures in a 
magnetic field; thus, although the energy of the initiating 
electron could not be measured directly, considerable in- 
formation on the energy distribution among shower par- 
ticles, the shape of the cascade curve, etc., was obtained. 
In the range of initiating energies that was studied 
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(roughly, from 150 to 1000 Mev), the usual approxima- 
tions of cascade theory are not good in the case of lead and 
hence detailed comparison with theory is difficult. Finally, 
suppose we consider specifically nuclear interactions of the 
soft component, of the photons in particular. From counter 
studies, considerable evidence has been presented in the 
past for production of penetrating particles (mesotrons?) 
by non-ionizing rays that were presumed to be photons, 
Cloud-chamber observations at elevations of 10,000-14,000 
feet, on the other hand, have indicated no association be- 
tween multiple production of penetrating particles and 
photons and hence the producing agents are presumed to 
be neutrons. Recent observations of multiple production 
of very energetic penetrating particles at sea level by 
W. Fretter, however, show strong association with ener- 
getic cascade radiation. Most of these latter observations 
were not inconsistent with a production of penetrating 
particles by photons but an alternative process of produc- 
tion of both the penetrating particles and also the energetic 
cascade radiation by a third type of radiation (energetic 
protons or neutrons) seems more likely. 


Cll. Range-Momentum Measurements of Particles 
Emitted in Nuclear Disintegrations Induced by 100-Mev 
X-Rays. G. S. Kiarper, A. E. LUEBKE, AND G, C. BALD- 
WIN, General Electric Company.*—The masses of the par- 
ticles have been determined by the measurement of mag- 
netic curvatures and ranges of tracks originating from 
bombardment with 100-Mev x-rays of the glass wall of a 
cloud chamber. The cloud chamber was 30 cm in diameter 
and was filled with air or hydrogen at one atmosphere. 
The effective visible range was extended by the use of a 
set of six aluminum foils of thickness successively increas- 
ing from 0.004” to 0.080” in logarithmic steps to a total of 
730-cm air equivalent. The method avoids any evaluation 
of density of ionization along the tracks. The magnetic 
field of 2650 gauss permits particles of intermediate mass 
to be readily distinguished from protons. An additional 
series of photographs was taken without magnetic field to 
investigate the possible influence of scattering. At the 
present writing, 2730 photographs are available with mag- 
netic field. Of 163 heavily ionizing tracks observed, it is 
possible to determine the ranges of 98 tracks which stop 
in the gas or in the plates. The balance pass out of the 
illuminated region of the chamber. None of the tracks ex- 
hibit negative curvature. There is no evidence from this 
series of photographs for particles of intermediate mass. A 
study of 68 heavily ionizing tracks in 800 photographs 
without magnetic field showed examples of apparent curva- 
ture due to scattering sufficient to explain the few devia- 
tions from protonic mass that appear in the above analysis. 
There are examples of protons stopping in each of the plates 
and of particles passing through all of them. A range dis- 
tribution will be presented. 


* 25-minute paper. 


C12. Radiochemical Search for Gamma-Meson Reac- 
actions Induced by 100-Mev X-Rays. G. FRIEDLANDER, 
M. PERLMAN AND L, PEPpKow1tTz, General Electric Com- 


10 


pany.*—In view of earlier work! indicating that mesons 
may be produced by 100-Mev x-rays, an attempt was made 
to find radiochemical evidence for a gamma-meson reac- 
tion. The reaction Cu"(7,4)Zn®™ was chosen for investiga- 
tion. The Cu,O used as target material was specially 
purified from traces of zinc to eliminate the production of 
Zn® by the reaction Zn**(y7,n)Zn®™, After each bombard- 
ment, zinc was separated chemically from copper, cobalt, 
nickel, iron, and manganese, and in each case the zinc 
fraction contained some activity decaying with the 38- 
minute half-life characteristic of Zn®. However, evidence 
will be presented indicating that much or all of this ac- 
tivity is made by the reaction Cu"(p,n)Zn®™ induced by 
protons produced in the thick cuprous oxide target. The 
upper limit for the cross section of the reaction Cu®(y,u)Zn® 
estimated from these experiments is several orders of 
magnitude lower than the cross section for meson produc- 
tion indicated by the original cloud chamber data of Schein 
and co-workers.! Other cases of hypothetical y- u~ reactions 
are being investigated. An attempt is being made to decide 
whether a y- u* reaction is responsible for the production 
of Mg?’ by bombardment of Al?” with 100-Mev x-rays.! 


* 15-minute paper. 

vy tp y~ by M. Schein, G. S. Klaiber, A. J. Hartzler, and 
G. S. win at Annual Meeting of American Physical Society, New 
York, January, 1946. 


C13. Disintegration of Mesons at Rest. F. Rasertt, 
Laval University —After the hypothesis of the instability 
of the meson had been advanced in order to explain the 
atmospheric absorption effect, it was felt highly desirable 
that the disintegration process should be observed in the 
laboratory. Williams obtained the first evidence for this 
process, as he succeeded in photographing two meson 
tracks ending in the gas of the cloud chamber. A thin 
track is seen to begin at the end of the heavier meson track, 
and is interpreted as the track of the disintegration elec- 
tron. The first evidence for the disintegration of mesons 
at rest by means of a counter arrangement was published 
by the writer. In these experiments mesons previously 
selected by a counter telescope were absorbed in a metal 
layer, and it was shown that particles emitted from the 
absorber gave delayed coincidences with the incident 
mesons. The circuits were designed to supply an approxi- 
mate value of the mean lifetime, which was found to be 
about two microseconds, in agreement with the results 
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from the atmospheric absorption effect. Similar experi- 
ments were later described by Auger, Maze, and Chamin- 
ade. Rossi and Nereson studied the effect with an improved 
system of circuits, designed to give a complete disintegra- 
tion curve. They obtained a beautiful exponential decay 
curve, and the mean lifetime was established as 2.15+0.07 
microseconds. Besides the determination of the lifetime, 
another important result aimed at in these experiments 
was to decide what exactly happens of the mesons that 
have been brought to rest by collision energy losses. 
Tomonaga and Araki have assumed on theoretical grounds 
that positive mesons should decay freely in dense matter 
as in empty space with their normal lifetime, while nega- 
tive mesons should be expected to be captured by nuclei 
and give rise to excitation processes. If we assume that the 
energy equivalent to the mass of the meson (about 90 
Mev) is shared between two disintegration products (elec- 
tron or positron and neutrino), then the disintegration of 
the positive meson should give rise to an easily detectable 
45-Mev positron. However, the capture of a negative 
meson by a nucleus and the consequent nuclear excitation 
are expected to produce only particles of relatively low 
energy not detectable in the above-described experiments. 
In the writer’s experiments an evaluation was made of the 
number of decay electrons per meson, and gave a value 
of about one-half, hence consistent with the assumption 
that only half of the mesons (probably the positive ones) 
undergo free decay. The same conclusion was indicated 
by the experiments of Rossi and Nereson. Recently, 
Conversi, Pancini, and Piccioni attempted an ingenious 
experiment to settle this point. A set of magnets in which 
the deflection of a charged particle in the magnetized iron 
was used, permitted them to concentrate either the posi- 
tive or the negative mesons. On these selected particles, 
an experiment similar to the writer’s was performed. They 
obtained a definite indication of decay electrons in the 
case of the positive mesons but none for the negative 
mesons. The great difficulty of these experiments resides 
in the exceedingly small number of events that can be 
observed within a reasonable time with the available in- 
tensity of the mesons at sea level. Under these conditions 
it seems difficult to improve much on the experiments that 
have been performed, but there is little doubt that further 
important results could be gathered from similar experi- 
ments at high altitudes, where the number of slow mesons 
is much higher. 
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Tl. A Convergent Quantum Electrodynamics. THEOo- 
DORE A. WELTON, Massachusetts Institute of Technology.— 
An attempt has been made to obviate the characteristic 
divergences ef quantum electrodynamics by omitting the 
quantized electromagnetic field from the formalism. We 
assert that the variables of the quantized electron-positron 
field alone can be made to give a complete description of 
electrodynamic phenomena. To accomplish this, we write 
the usual equations of motion for these variables with the 
addition of non-linear terms so that electrons always change 
their states in pairs, as is observed. It is found that the 
theory can be consistent only if advanced and retarded 
interactions between electrons are included on an equal 
footing. The theory here proposed is then seen to be a 
possible quantization of the classical theory recently pro- 
posed by Wheeler and Feynman.! The formalism is some- 
what cumbersome, but leads to the Mdller scattering for- 
mula in a natural fashion. More complicated phenomena 
are in process of calculation. The vacuum polarization di- 
vergences of the positron theory seem to remain. 


1J. A. Wheeler and R. P. Feynman, Rev. Mod. Phys. 17, 157 (1945). 


T2. On the Theory of the Electron. C. JAYARATNAM 
E.iezer, University of Ceylon.—Dirac’s classical theory of 
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the electron, while it satisfactorily removes the difficulty 
of infinite self-energy, meets with the circumstance that 
the equations of motion do not always have physically 
understandable solution. There is evidence to suggest that 
the signs of certain terms do not fit appropriately. To bring 
about the necessary alterations in sign, the author has 
abandoned the assumption that the field of a moving par- 
ticle is given by its retarded field alone, and adds to this 
field a multiple, k, of the difference between retarded and 
advanced fields. The force of radiative reaction is then 
(2k+1) times the usual value. When k=—}, the results 
show agreement with familiar physical ideas. This classical 
theory is translatable into the quantum theory by following 
Dirac’s method of field quantization, using the \ limiting 
process and negative-energy photons, On the basis of this 
electrodynamics, the interaction with a radiation field of 
a free electron or an electron bound by a Coulomb field is 
found to be free from divergence to any order of approxima- 
tion in the perturbation theory, provided one uses only 
those solutions which correspond to outgoing waves of the 
electron. 


T3. The Two-Particle Problem in the Theory of Action 
at a Distance. Joun A. WHEELER, Princeton University. 
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—Reformulation of classical electrodynamics consistently 
with the theory of action at a distance, with a force on 
each particle uniquely determined by half the sum of 
advanced and retarded fields of all other particles, is known 
to eliminate the usual infinities in the electromagnetic 
energy of a system of point charges, and appears, at first 
sight, to dispose also of the infinite number of degrees of 
freedom of the field. The latter infinity has led in quantum 
theory to the divergence of the zero-point energy of the 
field, and came from the underlying classical theory: the 
super-position of any number of plane waves on a par- 
ticular solution of Maxwell’s equations was considered to 
represent an acceptable state of the field. However, a closer 
analysis discloses that even two particles coupled by the 
Tetrode-Fokker law of action at a distance constitute a 
system with an infinite number of degrees of freedom be- 
cause of the non-instantaneous nature of the forces. The 
character of these degrees of freedom is analyzed to the 
first order of small deviations from the primary motion, 
and their physical significance is discussed. 


T4. Blackbody Radiation in the Theory of Action at a 
Distance. N. PLAss AND JOHN A. WHEELER, 
Princeton University—The usual and well verified theory 
of blackbody radiation is based on Rayleigh’s counting 
of the degrees of freedom of the field. The number of vibra- 
tions up to any given frequency—and consequently the 
energy of the field at a given temperature—is proportional 
to the volume of the container, and independent of the 
number, N, of particles which constitute the container. 
To account for this result in the theory of action at a dis- 
tance appears at first sight difficult because the number of 
degrees of freedom of a system of N particles is independent 
of the volume occupied by the particles. However, this 
conclusion depends on the existence of instantaneous forces 
between the particles and is not valid for half-advanced, 
half-retarded forces. For illustration, the characteristic 
frequencies are calculated for a system of many particles 
distributed uniformly through the interior of a sphere. 
A self-consistent solution is found for the equations of 
motion of any particle in the sphere. The requirement that 
the fields be half-advanced, half-retarded, plus the usual 
boundary conditions at the surface of the sphere for the 
electric and magnetic fields, gives a distribution of allowed 
vibration frequencies which is identical with that of 
Rayleigh. 


TS. Electron Waves in the Magnetic Dipole Field of a 
Neutron. CHARLES L. CRITCHFIELD, George Washington 
University.—The relativistic wave functions for an elec- 
tron moving in the field of a central magnetic dipole are 
studied. When the central spin is 44, states of total angular 
momentum Fh can be formed with electron states of two 
different angular momenta, jh, viz., j= F—4 and j= F+4. 
These two electron waves are coupled by the magnetic 
interaction so that, except for F=0, there are four, first- 
order, coupled differential equations for the radial de- 
pendence of the electron waves, instead of the usual two. 
The equations for F>0 are equivalent to two coupled 
Schroedinger equations having a positive definite poten- 
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tial energy operator. Thus, solutions may be found without 
cutting off the magnetic interaction and there are no 
bound states of the system. For F=0, however, the equa- 
tions are equivalent to a single Schroedinger equation in 
which the potential energy is positive at all radii only for 
the electron-neutron interaction. The positron-neutron po- 
tential becomes strongly negative in a small region near a 
separation of the order of e?/Mc?, where M is the mass of 
the neutron. This attraction is sufficient to form a bound 
Py-state of the positron. Asymptotic forms of solutions are 
found for the states with F=0 and F=1. 


T6. Relativistic Wave Equations. E. P. WIGNER, Prince- 
ton University.—The relativistic wave equations describe 
the properties of single particles or of systems which are 
in one definite quantum state. They can be developed from 
two points of view: by investigating wave equations in the 
ordinary sense and imposing the condition that they be 
relativistically invariant. This line has been followed by 
numerous investigators, most recently and most completely 
by Bhabha. An alternate procedure is to investigate in- 
variant linear manifolds and find afterwards equations the 
solutions of which these manifolds represent. This attack 
has been followed. It yields the ordinary relativistically 
invariant wave equations for finite mass and spins 0, 3, 1, 
3, ....For 0 rest mass it yields, in addition to the well 
known equations with spin 0, 4, 1, 3, . . ., two more equa- 
tions which were not considered before. The spin is infinite 
for both of these in the sense that there are infinitely many 
states associated with any linear momentum. The wave 
function is single-valued in one case and two-valued in the 
other case. These equations represent a new type of par- 
ticle if they exist and cannot be decomposed into equations 
of the above well-known types. The advantage of the sec- 
ond type of treatment is that it gives definite results, free 
from arbitrariness. On the other hand, it is entirely possible, 
as suggested by Bhabha, that the first treatment gives 
connections between the equations, which although arbi- 
trary from the point of view of invariants, are valuable 
from the point of view of physics. 


T7. Relativistic Wave Equations. H. J. BHaBHa, Tata 
Research Institute-—Those relativistic wave equations are 
investigated which contain only the first-order derivatives 
of the wave function with respect to space and time co- 
ordinates; i.e., have the general appearance of Dirac’s 
electron equations. It is postulated also that no auxiliary 
conditions be imposed on the wave function such as are, 
for instance, the equations requiring that the divergence 
of the electro-magnetic field intensity varies in a vacuum. 
There is a great variety of equations satisfying the above 
two conditions and an attempt is made to correlate these 
equations with the various elementary particles. 


T8. Difficulties of the Meson Theories of Nuclear 
Forces. SHutcHt Kusaka, Princeton University.—Since 
the discovery of the meson in the cosmic rays, extensive 
work has been done in trying to formulate a satisfactory 
theory of nuclear forces based on the idea that they arise 
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from the interaction of the meson with the nucleon. Various 
types of mesons and the different charge possibilities 
of charged, neutral, and symmetrical theories have been 
investigated according to two approximate methods of 
calculation. However no single theory has been able to 
account for all phenomena, Generally speaking, the weak 
coupling theories suffer from the inadequacy of the basic 
assumption that the coupling between the meson field and 
the nucleon is small, and the divergence difficulties inherent 
in the present formulation of the quantum field theories. 
The strong coupling theories, on the other hand, are unable 
to explain the observed values for the magnetic moments 
of the proton and neutron, and face difficulties with the 
saturation properties and the stability of heavy nuclei. 
Furthermore both theories give rise to anisotropy in the 
scattering of fast neutrons by protons which is opposite 
to that observed. It therefore seems now that there is no 
possibility of formulating a satisfactory theory of nuclear 
forces based on the conventional meson field theories. 


T9. Conservation Theorems and Invariance Properties 
of the Lagrangian. L. RosENFELD, Dublin Institute for 
Advanced Studies.—The general equations of the electro- 
magnetic and gravitational fields involve a current-charge 
density vector and an energy-momentum tensor, respec- 
tively, which describe the sources of the fields and obey 
conservation laws. If the field equations are derived from 
a Lagrangian by the usual variation principle, the expres- 
sions of the source tensors follow directly in terms of the 
variables characterizing the material fields which interact 
with the electromagnetic and gravitational ones. It will 
be shown that the structure of such general expressions, 


as well as the corresponding conservation laws, is intimately 
related to the invariance properties of the Lagrangian; in 
fact, one can say, more generally, that the invariance of 
the Lagrangian with respect to any group of transforma- 
tions implies a corresponding conservation theorem. Some 
applications to cases of actual interest (such as meson 
fields) will be discussed. 


T10. Resonance Fluorescence of Nuclei. L. I. Scuirr, 
University of Pennsylvania.—The possibility of studying 
excited states of nuclei through the process of gamma-ray 
resonance fluorescence is discussed. It is desirable that the 
atomic number Z of the nucleus be as small and the ex- 
citation energy £ as large as possible so long as particle 
emission cannot occur. Assuming quadrupole transitions 
for which the breadth is 10-* volt at 1 Mev, with no com- 
petition from lower excited states, the total fluorescence 
scattering cross section integrated over energy is ~107** 
-E* cm*— Mev, where E is in Mev. Other processes that 
would tend to mask this effect are: (1) Compton scattering, 
(2) non-resonant nuclear scattering, (3) conversion to an 
electron with subsequent radiation. By observing the 
fluorescent gamma-rays at large angles, the shielding is 
simplified and (1) is minimized. The cross section for (1) is 
roughly 10-*6-Z/E at 90° and all the scattered quanta are 
below 0.5 Mev. In practical cases, (3) has a larger cross 
section than (2), about 10~**-DZ*/E, where D is a speci- 
men dimension in cm. The fluorescent radiation should be 
detectable with a cloud chamber when a 20-Mev betatron 
is used as a primary source, and could be enhanced by 
running the betatron slightly above E. 


T11. Electrodynamics without Point Singularities. R. E. 
PEIERLS AND H. McManus, University of Birmingham.— 
Relativistic invariance is compatible with the assumption 
that the elementary particles (e.g. electrons) have a finite 
extension in space provided one admits the occurrence in 
the equations of integral operators which connect the be- 
havior of field quantities at one time directly with those 
at times different by amounts of the order ro/C, where ro 
is the electron radius. This programme can be carried out 
in classical theory and leads to equations without singu- 
larities but agreeing with the present equations as regards 
radiation damping, etc. The quantization of these equations 
so far still meets with formal difficulties. 
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T12. Relations of Dirac’s New Method of Field Quan- 
tization to Older Theories. Davin Boum, University of 
California.—By means of a simple transformation, Dirac’s 
new theory! can be obtained directly from the quantum 
electrodynamics of Heisenberg and Pauli, provided that 
one introduces the auxiliary B potentials of Dirac, defined 
to satisfy the wave equation everywhere, and to be equal 
initially to the actual A potentials, both in magnitude and 
in rate of change. With suitable changes in commutation 
rules for the B potentials, the Hamiltonian of the radiation 
field may be taken as the difference between actual and 
initial energies, so that the Hamiltonian now has negative 
eigenvalues. In the Fourier analysis of M=(A+B)/2, and 
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N=(A-—B)/2, operators appear, which have the same 
commutation relations as emission and absorption opera- 
tors, but which are not complex conjugates. Yet a repre- 
sentation can be found in which these operators have ma- 
trix expressions similar to those of true emission and ab- 
sorption operators. The eigenfunctions representing dif- 
ferent numbers of positive and negative photons are not, 
however, orthogonal in the usual sense, but instead, 
show an orthogonality property only when integrations 
are carried out with a special weighting function, which is 
not positive definite. This weighting function makes pos- 
sible unique expressions in terms of these eigenfunctions. 
The state of zero photons in this representation turns out 
to yield the initia! condition described above, namely that 
the A and B fields are equal. In terms of the usual repre- 
sentation, this state involves infinite excitation of each 
normal mode. The effects of fluctuations involving emis- 
sions are then cancelled by these involving absorption 
from the infinite background, represented by Dirac as 
emission of negative energy photons. Finite self-energies 
and transition probabilities are the result of a special 
relation between initial and final conditions, analogous to 
that which in the classical Dirac theory led to the elimina- 
tion of infinite self-acceleration. Because of the possibility 
of fluctuation in the quantum theory, the incident back- 
ground needed to prevent infinite reactions must also be 
infinite. Probabilities of transition are found by first solving 
a corresponding problem in the radiation filled world, 
starting always with the zero state described above. While 
emission of a positive photon is given its usual meaning, 
emission of a negative photon is regarded as equivalent 
to absorption of a photon actually present initially in the 
real world. Thus, initial and final states are obtained simul- 
taneously, by solution of a finite problem. Re-interpretation 
in terms of the actual world is naturally ambiguous, but 
from applications to simple problems, it is hoped that a 
unique correlation may be obtained. A characteristic 
ambiguity appears in the solution for Compton scattering 
to order e‘, in which the value of the radiation reaction is 
found to depend on the contour of integration about certain 
singularities introduced by secular terms in the second 
order. This ambiguity corresponds physically to an am- 
biguity in the ingoing or outgoing character of the waves 
at infinity, which is not known a priori in the hypothetical 
world. With a choice of contour corresponding to the 
presence of nothing but outgoing waves in the higher order 
terms, the radiation reaction disappears, but a symmetrical 
combination of ingoing and outgoing waves may be chosen 
which yields the correct radiation reaction in the low ve- 
locity limit. Whether this method can be extended to 
Coulomb scattering with radiation is now being in- 
vestigated. 
1 ‘ 
Mon Soc. A180,~1 (1942); W. Pauli, Rev. 


T13. Quantum Theory{of Damping. W. HEITLER, 
Dublin Institute for Advanced Studies—The divergencies, 
which so far have prevented an unambiguous application 
of the quantum theory of fields, can be eliminated in a 
relativistically invariant way. This is done by putting all 
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the divergent integrals occurring there equal to zero. One 
obtains in the first place a theory that can be applied to 
calculate all collision cross sections including those de- 
scribing the creation and annihilation of new particles. 
This theory differs from the usual first approximation by 
the inclusion of the damping which is very large in pro- 
cesses involving mesons. The results for meson collisions 
seem to be in good agreement with the (very scanty) 
experiments. The cross section for the scattering of a 
meson by a nucleon increases from zero to a maximum at 
an energy «=1/G(G? is of the order of the meson-nucleon 
coupling constants, i.e., G?~1/10). For higher energies 
the cross section decreases like «* and is asymptotically 
4x/é@. This agrees well with the experiments by Code, 
Shutt, and more recently by Sinha. The primary meson 
can also split up into two mesons (multiple process). The 
cross section also increases first for small e, and has a maxi- 
mum at e~1/G, This maximum value is however 10-20 
times smaller than that for the single scattering. For still 
higher energies the cross section decreases very rapidly 
(€*), and is entirely negligible compared with that for 
ordinary scattering. The theory thus leads to reasonable 
results for multiple processes which have none of an “‘ex- 
plosive”’ character. Applications to the production of 
mesons in P-P collisions show that at least the right order 
of magnitude is obtained, and a reasonable account of 
meson production in the atmosphere can be given. Mathe- 
matical difficulties prevent very accurate calculations. The 
theory fits exactly into the scheme proposed recently by 
Heisenberg. In fact it provides a definite and general pro- 
posal for the S-matrix which Heisenberg suggested to be 
the fundamental quantity in the quantum theory of fields. 
By analytic continuation of S into the complex plane also 
questions concerning the bound states consisting of several 
particles and quanta can be answered. It can for instance 
be shown that in the above theory of damping a bound 
state exists consisting of a proton (neutron) and a positive 
(negative) meson with an excitation energy of ~15 Mev 
(proton isobars with charge 2, —1). Similarly a very few 
isobar states with charge 1 or 0 exist, if the charge sym- 
metrical meson theory is used. The results concerning the 
isobars can be interpreted by saying that in this theory the 
spin and isotopic spin inertias are not quite zero but de- 
crease rapidly with energy. The existence of isobars de- 
pends very sensitively on S. A slight change of S giving 
rise to no appreciable change in the cross section may 
make these isobar states disappear. As the whole theory is 
of a preliminary character the existence of isobars must 
therefore not be taken for granted. Problems concerning 
the structure of the elementary particles themselves, for 
instance the magnetic moment of the proton and neutron, 
still remain unsolved. 


T14. Reaction of Radiation on Electron Scattering, and 
Heitler’s Theory of Radiation Damping. J. R. OpPEN- 
HEIMER, University of California, AND H. A. BETHE, 
Cornell University—W. Heitler and his collaborators’ 
have recently developed a theory of fundamental processes 
which takes into account radiation damping. This theory 
has been applied to many problems concerning the scatter- 
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ing and the production of mesons and has been successful 
in eliminating the divergences at high energy which nor- 
mally appear in meson theory. We have tried to test this 
theory by applying it to the problem of the reaction of 
radiation on the scattering of electrons. This problem leads 
to the well-known “infrared catastrophe,’”’ viz., to an 
infinite probability for emission of quanta of extremely 
low energy. In the ordinary theory, this difficulty was 
solved by Bloch and Nordsieck,? who showed that the large 
probability for scattering with radiation is compensated 
by a reduction of the probability of radiationless scatter- 
ing. The simplest way of obtaining this result consists in 
considering the radiation enclosed in a box of very large 
but finite dimensions; then not more than one quantum 
will in general be emitted in one collision; the cross section 
with emission of one quantum, 4,¢, is finite and propor- 
tional to log L where L is the size of the box, and the 
radiationless scattering is reduced by an amount 4.0 which 
is equal to 5,0 and is caused by the perturbation due to 
states containing virtual quanta of very low energy. How- 
ever, as Pauli and Fierz’ (non-relativistic) and Dancoff* 
(relativistic) have shown, the inclusion of the perturba- 
tion owing to virtual quanta causes divergence at the high 
energy end. Beyond the Duane-Hunt limit hy=E (energy 
of the incident electron), the emission of quanta is impos- 
sible but virtual quanta of such energy must still be taken 
into account. The compensation therefore no longer exists, 
and the total scattering cross section diverges as some 
function of the maximum frequency of virtual quanta 
taken into account. Moreover, Dancoff has shown that 
this divergence depends in a senseless way on the par- 
ticular relativistic theory used. In Heitler’s theory of 
radiation damping, the difficulty is shifted back to the 
infra-red end. It is the basis of this theory that every 
process be calculated only in the lowest order in which a 
non-vanishing result is obtained, and in this way the usual 
divergences at the high energy end are avoided. However, 
in our case, the correction to the radiationless scattering 
caused by virtual quanta of low energy must also be 
omitted: The compensation of the scattering with radia- 
tion by an equal reduction of the radiationless scattering 
therefore no longer occurs, and the infra-red catastrophe 
re-appears. We had hoped that this difficulty might be 
remedied by the formalism of Heitler’s theory in which 
the matrix element of the Hamiltonian does not directly 
give the transition probability but must first be corrected 
by the damping. In this way, the scattering with radiation 
does give a correction 5,0 to the radiationless scattering. 
Unfortunately, this correction is much too small: The 
scattering with radiation is proportional to e.o where e is 
the electronic charge and o the scattering cross section 
without radiation, whereas the correction 6,0 to the radia- 


tionless scattering is of the order e?V%e where V is the 
(suitably normalized) matrix element of the scattering 
potential. V will, in general, be smaller than one, and will 
in any case depend on the particular problem. Therefore 
there will, in general, be no compensation of 5,0 and 6c. 
This discussion shows that no recipe as simple as complete 
inclusion or complete exclusion of higher approximations 
in the matrix element will lead to a finite result for this 
simple problem. One should include the virtual quanta of 
low frequency and exclude those of high frequency. There 
must therefore be some limiting frequency. This is probably 
not the Duane-Hunt limit whose introduction at this place 
would almost certainly give results in disagreement with 
the correspondence principle. Dancoff has shown that the 
relativistic limit hy=mc* does not give a satisfactory cut- 
off. We therefore believe that a new limit must be involved 
which may be given by Heisenberg’s fundamental length 
and above which the interaction between matter and radia- 
tion must be modified in an essential way. 

1W. Heitler and H. W. Peng, Proc. Camb. Phil. Soc. 38, 296 (1942). 

2 F. Bloch and A. Nordsieck, Phys. Rev. 52, 54 (1937) 


3 W. Pauli and M. Fierz, Nuovo Cimento 15, No. 3, 1 (1938). 
4S. M. Dancoff, Phys. Rev. 55, 959 (1939). 


T15. Some General Aspects of the Self-Energy Problem. 
A. Pats, Institut for teoretisk Fysik Copenhagen.—It is 
impossible to overcome the self-energy difficulties by sub- 
jecting a divergence-free classical theory to quantization, 
because the quantization itself introduces new divergences 
due to the field fluctuations which are essential for the 
interpretation of field measurements (Bohr and Rosenfeld). 
If the dualistic character of quantum theory is maintained 
in future theory, field self-energies W should be very small 
compared with the total particle mass which then cannot 
be derived from “universal constants of the first kind” 
(Heisenberg: e, 4, c and a universal length /) by using W 
=mc*, The only scheme which till now with some success 
could be applied in accordance with hole theory, taking 
account of fluctuations and yielding adequately small self- 
energies, is the introduction of | as the range of a neutral 
(scalar) ‘‘f-field” created by the electron.'! Requiring the 
compatibility of electron, proton, and neutron ‘‘con- 
vergence relations’! unambiguously yields the insepara- 
bility of electric and f-charge, making the proton-neutron 
mass difference amenable to interpretation. The introduc- 
tion of J as field range generally leads to the introduction 
of a universal time: the lifetime of the field quanta for 
negatron-positron decay. ‘‘f-bremsstrahlung”’ of electrons 
with energy >hl~<c is practically equivalent with e*—>2e* 
+e™ as a one-act process. 


1A. Pais, Phys. Rev. 68, 227 (1945). 
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Al. Electrostatic Generator for Nuclear Research. R. J. 
VAN DE GraarFF, W. W. BUECHNER, W. M. Woopwarp, 
L. R. McInrosu, E. A. Burritt, AND A. SPERDUTO, 
Massachusetts Institute of Technology, Cambridge, Massa- 
chusetts.—A description will be given of the design of an 
electrostatic generator now under construction at Massa- 
chusetts Institute of Technology. At a number of other 
laboratories copies of this particular design with suitable 
adaptations are under way. The apparatus is housed in a 
vertical pressure tank 5.5 feet in diameter and 16 feet 
long. The insulating medium is nitrogen at 400 pounds per 
square inch gauge pressure, storage tanks being provided 
so that the same gas can be used repeatedly. Subsequently, 
partial pressures of sulphur hexafluoride gas will also be 
used. Two accelerating tubes will be provided, one for 
positive ions and one for electrons. When positive ions 
are being accelerated, the electron tube will be used for 
differential pumping to reduce the flow of gas from the 
ion source into the main part of the positive ion tube. On 
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the basis of previous tests! with other generators, an output 
of about five million volts is expected. It is a pleasure to 
acknowledge the support of The Rockefeller Foundation 
which made this work possible. 


1 Buechner, Van de Graaff, Sperduto, Burrill, McIntosh, and Urqu- 
hart, Abstract J6, Bull. Am. Phys. Soc. Cambridge Meeting, April, 1946. 


A2. Electron Injection Technique for Betatrons.* E. C. 
Greanias, USNR, anv E. O. Wuxascu, USNR, United 
States Naval Research Laboratory, Washington, D. C—The 
gamma-ray yield obtained with the betatron is much less 
than the yield to be expected from the maximum possible 
electron current which can exist in the orbit. Injection 
technique was studied to see if the actual current, and con- 
sequently the yield, could be increased. Step-shaped in- 
jection voltage pulses which would give longer total ac- 
ceptance periods, and thus introduce more electrons into 
the oribit, were tried. These pulses were relatively narrow 
(3 to 4 microseconds), and required very critical timing. 


e 
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This timing difficulty could not be entirely overcome and 
the yields obtained with short rectangular pulses were 
only 80 percent of the value obtained with longer pulses 
(40 microseconds). However when the step pulses were 
tried, an increase in yield was observed. One, two, and 
three step pulses were tried and an increase of approxi- 
mately 15 percent per step was observed—thus the long 
pulse yield was exceeded. The yield obtained with all 
narrow pulses was very erratic and required constant 
manipulation of the timing controls. If this timing diff- 
culty can be overcome, shaped injection pulses may prove 
to be very valuable. 


* To be read by title only. 


A3. The Synchro-Betatron Electron Accelerator Guide 
Fields. H. F. Kaiser AND E. C. GREANIAS, United States 
Naval Research Laboratory, Washington, D. C.—The au- 
thors have recently suggested! the possibility that the 
ultimate electron energy of a given betatron or synchro- 
tron may be extended by supplying the guide field of the 
unit with a super guide field synchronized in operation 
with the high frequency electric acceleration and produced 
by various types of conductors placed within the unit or 
used independently to replace the conventional system. 
The magnetic fields produced by proximate conductors in 
which the two currents flow in opposite directions are 
strong between these and of the order of magnitude of the 
current but diminish rapidly outside. Such conductors 

_also afford a coil system of low inductance giving a time 
constant of the order of 10~* second for a 20-cm coil radius. 
The field shapes and intensity vs. radius relations of several 
such coil systems are examined and also the effect of iron 
near them. The possibility of using such conductor systems 
as Cavities or wave guides is examined and an accelerator 
design for the use of these is described. 


1E. C. Greanias and H. F. Kaiser, Phys. Rev. 69, 536 (1946). 


A4. Preliminary Studies on the Purdue Microwave 
Electron Accelerator. R. O. Haxspy, E. S. AKELEy, A. 
GINzBARG, R. N. SmitH,* H. W. WELcH AND R. M. 
WHALEY, Purdue University—The construction of a 
microwave linear accelerator for electrons has been started. 
An eighteen section accelerating tube has been constructed 
using loading every half-wave-length. Measurements of 
other modes showed that the only interfering mode is one 
having seventeen half-waves in the eighteen sections. This 
may be removed by symmetrical feeding. Since, for longer 
tubes, other modes will also become troublesome, experi- 
ments are being continued, using different loading, every 
third or every quarter-wave-length. Because of the diffi- 
culty of obtaining sufficiently high speed electrons, experi- 
ments have been performed on tube sections with heavier 
loading and a short tube has been constructed for use in 
accelerating electrons with entering velocity less than c. 


* Now at Boeing Aircraft, Seattle, Washington. 


AS. Design of a 70-Mev Synchrotron. H. D. PoLLock, 
R. V. Lancmuir, F. R. Exper, J. P. BLewerr, A. M. 
GUREWITSCH AND R. L. Watrers, General Electric Com- 


pany.—The synchrotron! under construction in the Re- 
search Laboratory of the General Electric Company is 
designed to operate with an equilibrium orbit 29.2 cm in 
radius. Peak fields of 8300 gauss at the orbit will permit 
acceleration of electrons to peak energies of 70 Mev. The 
magnet resembles a conventional betatron magnet except 
that the main core is replaced by a small core capable of 
carrying flux sufficient for betatron type acceleration up to 
about 5 or 6 Mev. At this point, the core begins to saturate 
and 163-Mc radiofrequency acceleration is initiated. The 
high frequency resonator is a quarter-wave coaxial struc- 
ture whose inner and outer conductors are separated by 
the glass vacuum envelope. The inner and outer conductors 
of this resonator are thin films of silver which are divided 
by parallel scratches into narrow segments so that magnetic 
field distortions caused by eddy currents will be reduced 
to negligible proportions. Power is fed to this resonator 
from a master oscillator-power amplifier system. Timing 
and injection circuits will be discussed and tests on the 
various components of the machine will be described. 


1V. Veksler, J. Phys. U.S.S.R. 9, 153 (1945). E. M. McMillan 
Phys. Rev. 68, 143 (1945). 


A6. The Transition from Betatron to Synchrotron Oper- 
ation.* J. P. BLEwertt, General Electric Company.—The 
differential equations describing the motion of electrons 
in the synchrotron are sufficiently complex that, as yet, no 
general analytical solution has been evolved. During ac- 
celeration the radius of the electron orbit undergoes a 
large number of cycles of oscillation about its equilibrium 


orbit. The frequency of this oscillation after the initial 
transient can be calculated approximately and is not con- 
stant. The amplitude has been shown by a number of 
workers to decrease slowly with time so that the motion is 
stable. The present paper describes a mechanical solution, 
using a differential analyzer, of the equations of motion in 
the transition range between betatron “injection” and 
synchrotron operation. The small errors introduced by the 
analyzer will be discussed and shown to have negligible 
effects on the solution in this range. The results of this 
study indicate that all, or almost all, of the electrons in 
the initial betatron orbit will be trapped in stable synchro- 
tron orbits, provided that the radiofrequency is within 1 
or 2 percent of the correct value. The rate of rise of the 
radiofrequency envelope is not critical; rise times of 1 to 
10 microseconds yield very similar results under the con- 
ditions which obtain in the General Electric synchrotron. 


* The work described in this abstract and in the preceding one is 
supported by the U. S. Navy Office of Research and Invention under 
Contract NSORI-178. 


A7. Theoretical Considerations on Bringing the Beam 
out of a Betatron. E. D. Courant anp H. A. BETHE, 
Cornell University.—It is proposed to use simple electro- 
static deflection to bring the electron beam out of the beta- 
tron, synchrotron, or similar accelerating devices. To 
start with, the electron orbit is expanded by rapidly re- 
ducing the magnetic field at the orbit. Without any further 
devices, this would give an electron spray emerging in all 
directions. The electrons then enter the electrostatic field 
at the radius r=rg at which Hr (H=magnetic field) has 
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its maximum as a function of r. At this point, adjacent 
orbits are rather widely separated. The separation is pro- 
portional to the $ power of the rate of reduction of the mag- 
netic field; for a rate of one percent per microsecond, the 
separation is about one percent of the radius which is 
amply sufficient. (Near the original orbit of the electrons, 
the separation would be only about 0.07 percent.) The oscil- 
lations of the electrons about their stable orbit may also 
help the separation of orbits. The angular spread of the 
emerging beam is proportional to the orbit separation at 
the deflector, and also to (H/E)'; for the separation cal- 
culated above, and for H = 4000 gauss, E = 50,000 volts/cm, 
the separation is about 5 degrees. The emerging beam can 
be refocused by an auxiliary magnetic field. 


A8. Electron Radiation in High Energy Accelerators. 
JULIAN SCHWINGER, Harvard University.*—The only funda- 
mental limitation to the attainment of very high energy 
electrons in devices such as the betatron and synchrotron 
is the radiative energy loss accompanying the circular 
motion. For an electron of energy E>mc*, moving in a 
circular path of radius R, the energy radiated per revolu- 
tion is 


which amounts to roughly 30 Kev for an electron of 1 Bev 
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in a magnetic field of 10* gauss. The radiation spectrum 
consists of harmonics of the rotation angular frequency 
w=c/R. The intensity in the mth harmonic is independent 
of E and varies as m! for n<(E/mc*)’, decreasing rapidly 
for higher frequencies. Thus the spectrum extends into the 
x-ray region for E=1 Bev. The radiation is emitted in the 
direction of electron motion, within a narrow cone of angle 
6~mc/E (0.03° for E=1 Bev). In addition to the in- 
dividual or incoherent radiation effects of the electrons, 
there exists, in the synchrotron, a coherent radiation 
arising from the electron bunching along the circular 
trajectory. This type of radiative energy loss is independent 
of E, for the coherent spectrum is limited by the length 
of the electron bunch. Since the latter is not a small frac- 
tion of the orbit circumference, the coherent radiation is 
emitted at long wave-lengths, and may be effectively sup- 
pressed by metallic shielding. Radiative energy loss in a 
conventional betatron results in an adiabatic decrease in 
the oribit radius, which is already appreciable for E=108 
ev. No difficulty is encountered in a synchrotron provided 
the radiofrequency voltage is adequate to supply the radia- 
tion losses. However, the required radiofrequency voltage 
reaches formidable proportions for energies in excess of 3 
Bev. A further effect of importance at such high energies 
is a radiative damping of phase oscillations which is a 
stabilizing influence, however, only if the magnetic field 


index n(H~r™) is less than 3. 


* 15-minute invited paper. 


C14. An Attempt to Observe the Radioactivity of the 
Neutron. E. F. SHRADER,* D. Saxon, AND A. H. SNELL, 
Clinton Laboratories, Oak Ridge, Tennessee.—On the as- 
sumption that the neutron undergoes radioactive decay 
to the proton with a half-life of about 30 minutes, at least 
three possible means of observation of the effect present 
themselves: (1) collection of the hydrogen in a chamber 
immersed for a long time in a high slow neutron flux; (2) 
observation of the beta-particles; (3) electrical counting of 
the protons formed. Experimental work is being done on 
the third. A highly collimated beam of slow neutrons emerg- 
ing from the Clinton chain-reacting pile is allowed to pass 
through thin aluminum windows into and out of an evacu- 
ated chamber, and protons formed in a defined volume are 
electrostatically collected and accelerated to 10 kv in a 
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direction perpendicular to the primary neutron beam. 
They are then allowed to fall on the first plate of an elec- 
tron multiplier tube of the type developed by J. S. Allen. 
Backgrounds will be measured with boron absorbers in- 
terrupting the beam, and different geometries, window 
thicknesses, pressures, etc., will be studied in an attepmt 
to eliminate spurious effects. It is hoped that results will 
be at hand by the time of the meeting. Determination of 
the half-life depends on evaluation of the efficiency with 
which the protons are collected and counted. 
* On leave from Case School of Applied Science, Cleveland, Ohio. 


C15. Application of a Bent Crystal Neutron Spectrometer 
to Measurements of Resonance Absorption. R. B. SAWYER, 
E. O. Wottan, K. C. PETERSON, AND S. BERNSTEIN, 


4ne(E\* 
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Clinton Laboratories, Oak Ridge, Tennessee.—With the 
high neutron fluxes now available, the diffraction of neu- 
trons by crystals has become a useful tool for the study of 
neutron absorption as a function of energy. To increase 
the intensity and hence the energy range over which these 
measurements can be made with good resolution, we have 
constructed a transmission type crystal spectrometer for 
neutrons. The transmission method has the advantage 
that large crystal apertures can be used at the small angles 
encountered in neutron diffraction without sacrificing on 
the resolution of the instrument. A cadmium Soller slit 
system forms an inportant part of this instrument. As set 
up for our work it gives a convergent beam of neutrons 
which passes through a NaCl crystal bent to a curvature 
of about 60 cm. With this arrangement diffracted beams 
can be measured to within a fraction of a degree of the 
direct beam. The resolution depends only on the accuracy 
of the slits and is independent of the imperfections of the 
crystal. The instrument gives good resolution of neutron 
resonance peaks of about 0.1-ev width at half maximum 
at energies up to 1 ev and satisfactory work can be done 
up to energies of several ev. As examples of work done with 
this instrument the absorption curves for Cd and for Ir 
will be shown. The Breit-Wigner one level formula gives a 
good fit with the experimental data. 


C16. The Mass of the Mesotron as Determined by 
Cosmic-Ray Measurements. DoNALD J. HUGHES, Argonne 
National Laboratory, Chicago.—All quantitative determina- 
tions of the masses of individual cosmic ray mesotrons 
have been based on cloud chamber photographs involving 
measurements of magnetic curvature plus ionization den- 
sity, range, or energy of knock-on electrons. The errors 
involved in the different methods will be discussed as well 
as the possibility of reducing these errors by the choice of 
experimental conditions. A review of the mass determina- 
tions which have been reported shows that the errors in- 
volved are often much larger than estimated by the experi- 
menters themselves. In spite of the large errors inevitable 
in the methods used, it is concluded that the spread in 
mass values exceeds the experimental errors, and that it is 
extremely likely the mesotron does not possess a unique 
mass. It is certain that the reality of the large spread in 
mass values can be definitely established by present 
methods with the incorporation of relatively minor im- 
provements. The recent betatron findings on the mesotron 
mass will not be described, but if available at the meeting 
the betatron results can be compared with the present 
review as the basis for a discussion of the identity of the 
cosmic-ray and the betatron mesotron. 


C17. Mass of Cosmic-Ray Mesotrons. W. B. FRETTER 
AND R. B. Brope, University of California, Berkeley, 
California.—Data on the masses of mesotrons were col- 
lected in an experiment which involved the use of two 
vertically in line cloud chambers which were simultaneously 
expanded by counter control. The upper chamber was 30 
cm in diameter and was in a magnetic field of 5300 gauss. 
The lower chamber was 40 cm in diameter and contained 
eight 4-inch thick lead plates. Particles which stop in the 


lower chamber after penetrating one or more of the lead 
plates are sufficiently curved in the magnetic field (H) to 
permit accurate measurement of their radius of curvature 
(p). If only ionization losses are involved in stopping a 
particle, its mass may be determined from its range and 
Hp. The uncertainty in Hp is approximately 10 percent, 
while the uncertainty in range is $ inch of lead. These 
lead to an uncertainty in the mass of +30 m.. One mass 
determination per operating day is usually obtained. The 
results of the observations to date have consistently indi- 
cated a mass between 160 and 200 m,.. The straggling in 
range which was found by Street in a similar experiment? 
does not seem to be a serious cause of error and possibly 
could be explained by tke large angle scattering which has 
occasionally been observed in the present experiment. 


1J. A. Wheeler and R. Ladenburg, Phys. Rev. 60, 754 (1941). 
2J. C. Street, J. Frank. Inst. 227, 765 (1939). 


C18. Measurement of Meson Masses by the Method of 
Elastic Collision. Probable Existence of a Heavy Meson 
(1000 mo) in the Cosmic Radiation. L. LEPrince-RINGUET, 
Laboratoire de l'Ecole Polytechnique-—During the years 
1940-1945, with the aid of Messrs. Gorodetzky, Theritier, 
Nageotte, Richard-Foy, a systematic study of the method 
of elastic collision for determining masses of high energy 
particles in the cosmic radiation was carried out. A first 
value obtained with a Wilson chamber and a field of 2600 
gauss gave us M=240 mo+10 percent. During a long series 
of experiments (more than ten thousand usable negatives), 
a stereoscopic picture of a collision observed under good 
conditions (the incident particle losing practically all its 
momentum) gave us a mass of 990 mo+12 percent. This 
picture shows, provided the collision is elastic, that there 
exist in the cosmic radiation particles of mass about four 
times that of the normal meson, or approximately half that 
of the proton. The observed particle is positive. Other 
Wilson chamber photographs not showing collisions but 
exhibiting, for a known curvature, ionization less than that 
of a proton and more than that of a meson of mass 200 
also favor the existence of particles of mass intermediate 
between the meson of mass 200 and the proton. 


C19. Cosmic-Ray Bursts in a Large and in a Small Ion 
Chamber at Sea Level and in a Small Ion Chamber under 
30 Meters of Clay. H. CARMICHAEL AND C. N. Cuou, 
University of Cambridge-—Bursts have been recorded for 
about 3000 hours underground and for about 1000 hours 
at sea level in a 1.1 liter thin-walled ion chamber contain- 
ing argon at 85 atmos. pressure, and at sea level for some 
1000 hours in a 175 liter thin-walled ion chamber. The 
effect of placing shields of lead and aluminum of various 
thicknesses above these ion chambers has been studied. 
Although this work came to an end in 1939, only parts of 
it have so far been published, in the Proceedings of the Royal 
Society, in a short note to Nature,? and in a relatively in- 
accessible paper in China.* The results given in Nature 
were recently quoted by Kingshill and Lewis‘ who gave 
an interesting explanation of a marked discontinuity in the 
size-frequency curves obtained with the ion chambers 
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unshielded. The size-frequency curve obtained with a lead 
shield above the large ion chamber has a second dis- 
continuity which appears to be due to a very rare type of 
burst of large size. 

1H Carmichael, Proc. Roy. Soc. A154, 223 (1936). 

2H. ichael and C. N. Chou, Nature 144, 325 (1939). 

3C. N. Chou, Collected Papers (College of Science and Engineering, 
University of Amoy, 1943), Vol. 1, No. 1. 

4K. L. Kingshill and N. G. Lewis, Phys. Rev. 69, 159 (1946). 


C20. Ionization Chamber Measurements on Cosmic- 
Ray Air Showers. LLoyp G. Lewis, Princeton University 
and the University of Chicago, AND KONRAD L. KINGSHILL 
AND J. M. BEeNaADE, University of Chicago.—The authors 
wish to call attention to the following several papers con- 
cerning bursts of ionization in unshielded ionization cham- 
bers, in order to promote discussion of the interesting 
work of Carmichael and Chang-Ning Chan presented in 
the preceding abstract: H. Carmichael and Chang-Ning 
Chan, Nature 144, 325 (1939); H. Euler, Zeits. f. Physik 
116, 73 (1940); J. Clay, Physica, ’s Grav. 9, 897 (1942); 
R. E. Lapp, Phys. Rev. 64, 129 (1943); L. G. Lewis, 
Phys. Rev. 67, 228 (1945); J. Clay, Physica, ’s Grav. 11, 
311 (1945); L. Wolfenstein, Phys. Rev. 67, 237 (1945); 
and K. Kingshill and L. G. Lewis, Phys. Rev. 69, 159 
(1946). These several papers point out the lack of agree- 
ment between the cascade theory of air showers applied 
to primary electrons at the top of the atmosphere and the 
experimental results. The several observers have suggested 
different mechanisms to explain their results. In addition, 
unpublished work of E. Hoffmann who worked with Pro- 
fessor Steinke at Freiburg University, as well as data 
obtained recently with a modification of the thin-walled 
chambers used by the Chicago group, will be discussed. 


C21. Total Cross Section of Hydrogen for Neutrons of 
Energies from 35 to 490 kev. Davin H. Friscu, Massa- 
chusetts Institute of Technology.—The total cross section of 
hydrogen has been measured at mean neutron energies of 
3545, 95+5 to 10, 265+5 to 10, and 490+5 to 10 kev. Pro- 
tons from the smaller Wisconsin electrostatic generator at 
Los Alamos, collimated toa 3;’’ diameter beam, bombarded 
a lithium target of 5 to 10 kev stopping power. The nearly 
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monoenergic neutrons emerging forward were scattered 
out of a proton recoil proportional counter by graphite 
and polythene disks. Source intensity was monitored by a 
small sensitive fission counter between source and scatterer. 
A polythene shadow cone reduced the counting rate to 
about 2 percent. The errors given for the corrected data 
include estimates of error in scatterer thickness and in 
geometric corrections (only single scattering corrections 
have been made) in addition to the statistical error given 
for the uncorrected data. The values obtained are, respec- 
tively: uncorrected 16.15+.25, corrected 16.74+.41; 
13.04+.26, 13.46+.39; 8.874.15, 9.12+.24; 6.19+.15, 
6.33+.21. This data and higher energy data by Williams 
et al. and Bretscher et al. have been fitted by Bohm and 
Richman with a potential consisting of a deep square well 
with a wide shallow square tail. 


C22. Experimental Evidence for Neutral Mesons. GER- 
HART GROETZINGER, Institute for Nuclear Studies, Uni- 
versity of Chicago.—Although the existence of neutral 
mesons was predicted several years ago by meson theories 
of nuclear forces, the detection of these particles has not 
yet been accomplished with certainty. Rather than to 
postulate the existence of still another form of non-ionizing 
radiation, any effect of a neutral radiation which can be 
shown to be different from neutrons and photons has been 
attributed in general to the neutral meson. In this sense, 
several investigators claim to have found evidence for 
these particles in cosmic radiation. The neutral mesons 
have been detected through the production of charged 
mesons as secondaries, rather than high energy electrons. 
Experiments performed recently indicate that neutral par- 
ticles of about 15 electron masses can be produced arti- 
ficially by 10.5-Mev deuterons. This mass was deduced 
from the properties of the secondaries as well as from the 
energy available. It is observed that only about 40 percent 
of the charged mesons which are apparently stopped in 
matter give rise to decay electrons. Although most of the 
negative mesons might be captured before they can decay, 
it is still necessary to suppose that a certain number of 
charged mesons are transformed to neutral mesons and 
escape as such. 


A9. The Design of Linear Accelerators. J. C. SLATER, 
Massachusetts Institute of Technology.—Theoretical fea- 
tures of linear accelerator design are similar for positive 
ion at relatively low frequencies, such as Alvarez is work- 
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ing on, and for electron acceleration at microwave fre- 
quencies, as at Massachusetts Institute of Technology 
and the General Electric Company. The main problems 
are (1) production of an accelerating tube furnishing the 
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desired r.f. field; (2) feeding r.f. power into the tube from 
many suitably phased oscillators; (3) study of electron or 
ion dynamics to produce proper bunching and accelera- 
tion of electrons or ions; (4) focusing methods to counter- 
act the defocusing resulting inevitably from the bunching. 
(1) Two forms of accelerating tubes have been studied: a 
cylinder containing circular irises, and one containing 
hollow cylinders spaced along the axis, with gaps between. 
For tubes of moderate length, it seems desirable to use a 
standing wave, which can be analyzed into a traveling 
wave with the same velocity as the ions, which accelerates 
them, and another in the opposite direction, which pro- 
duces unimportant perturbations. The tube with irises is 
more easily adaptable to velocities near that of light, and 
that with cylinders to lower velocities. Both types contain 
undesired modes of oscillation, corresponding to different 
phase velocities, which must be avoided. (2) In the M.I.T. 
project the tube is to be fed with a series of 10-cm magne- 
trons. We have studied the problem of feeding » magne- 
trons into n—1l highly resonant loads, in the same phase, 
or into a long accelerating tube. A solution has been found 
by Halpern and Everhart, though it is unfortunately very 
critical to the various adjustments. (3) A simple analytical 
treatment, similar to the theory of the synchrotron, de- 
scribes the bunching phenomenon and the acceleration of 
the bunches. Originally unbunched beams become bunched 
in the initial part of the accelerator, particularly if the 
field is applied gradually. Thereafter the bunches tend to 
maintain the proper phase relation with respect to the 
wave. The bunching will not be effective, however, unless 
the accelerator is designed so that the ions receive less 
than the maximum possible acceleration at each gap. (4) 
Study of the transverse fields shows that electrons or ions 
falling off the axis of the tube, in such a phase as to be 
bunched, will be defocused. The magnitude of this de- 
focusing decreases as the velocity approaches the velocity 
of light. For electrons, it seems possible to counteract the 
defocusing by a longitudinal magnetic field, which should 
be of the order of magnitude of a few hundred or thousand 
gauss. For positive ions, the field would be prohibitively 
large, and one is led to foil focusing, of the type considered 
by Alvarez, Serber, and others at Berkeley. The M.I.T. 
program so far has been exploratory, is directed at present 
toward electrons, and has not yet led to the production of 
an actual accelerator. It is being carried on under the Re- 
search Laboratory of Electronics. 


Al0. The Design of a Proton Linear Accelerator. Luis 
W. ALVAREZ, University of California.—Protons are to be 
injected into an r.f. resonant system from a pressure Van 
de Graaff generator at about 4 Mev. The resonator will be 
built in 40-foot lengths with a 1-meter inside diameter. 
The copper skin of the resonator does not support a vac- 
uum, but rests in a 4-foot diameter steel tank which is 
split longitudinally for access. The operating wave-length 
is 1.5 meters. Acceleration takes place in gaps between 
cylinders placed on the axis of the resonator. The cylinders 
are 0.75 Bd long and the gaps 0.258. The shunt resistance 
of this system has been determined by integrating the 
measured value of dB/dt over a plane containing the axis 
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of the resonator. For 80-kw per foot, the peak {E-dl is 
1.3 Mv per foot. The first 40-foot section will be powered 
by 30 radar transmitters of 100-kw peak output each. It 
is hoped that later sections will be driven by one or two 
magnetrons of 5 megawatts each. No touble has been 
experienced in phasing large numbers of self-excited oscil- 
lators in one high Q load. Tests on a 3-foot long vacuum 
model have shown no electrical breakdown occurs at 
1 Mv/foot, the maximum attained so far. This corresponds 
to a maximum field in the gap of about 1 Mv per inch, 
Models on 10 and 30 cm have shown it possible to align 
many cylinders on the axis of the resonator so that a single 
uniform mode can be excited over the whole resonator. 
This is essentially an Eo wave guide mode at cut-off, per- 
turbed by the “drift tubes.”” The circulating magnetic 
field at the edge of the resonator is uniform along the 40- 
foot length and is everywhere in phase. It will be shown 
that if hollow cylinders are used as accelerating electrodes, 
it is impossible to have simultaneously phase dependent 
radial focusing, and phase stability of the ions relative to 
the r.f. fields. This difficulty will be overcome by passing 
the protons through a thin beryllium foil as they enter 
each electrode. Scattering of the protons in these foils 
spreads the beam to a diameter between 1 and 2 inches, and 
this diameter is independent of the frequency of the r.f. 
This fact controls the choice of \ since if shorter \ is used, 
the drift tubes cannot be made large enough to pass the 
beam and larger \ merely increases the mechanical and 
vacuum problems. The oscillators are turned on 15 times 
per second, for 300 usec., by a line type pulser. The ion 
source now gives a 500 wa resolved proton beam for the 
500 usec. pulses. This is expected to be realized in practice, 
as a diffusion and a: mechanical pump are installed in the 
high potential electrode. Velocity modulation of the beam 
at high potential should allow 30 percent of the protons to 
be bunched into the proper phase for acceleration. Particle 
energy should be 1 Mev per foot, as energy is lost for three 
reasons: (1) foil loss, (2) transit phase must be less than 90° 
to provide phase stability, (3) transit time is finite, so the 
field varies during acceleration. 


All. Resonance Acceleration of Charged Particles. 
Epwin M. McMILian, University of California.*—The 
most fruitful means now known for accelerating particles 
to very high energies are: (1) to give repeated small pushes 
by an alternating electric field, as in the cyclotron or linear 
accelerator, and (2) to give a steady push produced by a 
varying magnetic flux, as in the betatron. The first of these, 
which may be called ‘‘resonance acceleration,” gives prom- 
ise of reaching higher ultimate energies, and will be the 
subject of this paper. The problem of keeping the particles 
in step with the accelerating electric field for a very large 
number of cycles seems at first sight to be a formidable 
one, not only because of intrinsic difficulties such as the 
well-known relativistic limit of the cyclotron, but also 
because of practical limits on the accuracy of construction 
of machines. However, an appreciation of the property of 
“phase stability’’ shows the way to a simple solution of 
this problem. If the particle is moving in a circular orbit, 
the angular velocity must just match the applied electric 
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frequency for resonance to be maintained: if the motion 
is in a straight line, there is a corresponding relation be- 
tween the linear velocity and the product of the electrode 
repeat length by the frequency. It can now be shown that, 
in general, if the angular or linear velocity varies with the 
energy, it is not necessary to make the exact match men- 
tioned above, since particles started sufficiently near the 
right velocity will fall into a stable motion in which the 
velocity, energy, and phase oscillate about equilibrium 
values. (The phase describes the time relation between 
the arrival of the particle at an acceleration gap and the 
field across the gap.) The equilibrium energy is that value 
which achieves the exact match between velocity and fre- 
quency. If this energy is now made to vary slowly by chang- 
ing the frequency or magnetic field in the circular case, 
the stability will remain and the actual energy will oscillate 
about the varying equilibrium value. In the linear case, 
the variation is produced by the changing repeat length 
as the particle travels down the tube. Thus acceleration is 
accomplished with complete stability of the motion at all 
times, provided that the rate of variation is not too great, 
and that adequate focusing of the beam is provided. The 
focusing problem in the linear case has been discussed by 
Dr. Alvarez; in the circular case it is the same as in the 
cyclotron and betatron. This stability takes care of rela- 
tivistic difficulties as well as tolerances in the machine. 
The circular orbit machines can be divided into three 
types: (1) magnetic field variation (synchrotron), which is 
most suitable for accelerating electrons; (2) frequency vari- 
ation (synchro-cyclotron), most suitable for ions; and (3) 
variation of both quantities. The third type has the ad- 
vantage that the size of the orbit can be held constant by 
maintaining a certain relation between the field and fre- 
quency, but it involves all the practical difficulties in- 
herent in both of the other types. Methods of obtaining 
the variations and details of design will be illustrated by 
descriptions of the 300-Mev synchrotron and the 184” 
synchro-cyclotron now under construction at Berkeley. 
There will also be a discussion of future possibilities, lead- 
ing to the eventual attainment of the billion-volt range. 


* 40-minute paper. 


Al2. The Racetrack.* H. R. CRANE, University of 
Michigan.—A form of the synchrotron which appears to 
possess a number of practical advantages is that in which 
a “‘linear’”’ type magnet is used, and in which the electron 
orbit tube has the form of an oval racetrack. The guiding 
field is confined to two half-cricles, which are connected 
by straight, field free sections. A synchrotron of this type, 
having 1 meter radius and 60-cm straight sections is being 
designed and will be constructed at the University of 
Michigan.' We believe that the advantages offered by the 
racetrack modification will assume much greater import- 
ance in the region of extreme energies than at moderate 
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energies. Therefore we are attempting to work out all the 
features of design with an eye toward much higher energies. 
Calculations show that the electron orbits in the racetrack 
are stable, provided certain values of the fall-off exponent 
are avoided,? and provided the ratio of the length of the 
straight section to the radius of the half-circles does not 
exceed a critical value.* Neither of these limitations seems 
to be severe. One of the straight sections contains the in- 
jection box. Electrons will be accelerated through a po- 
tential difference of 500 kv, supplied by a high voltage 
transformer, and will be introduced into the orbit tube 
tangentially by electric deflection. The other straight sec- 
tion contains the radiofrequency accelerating cavity.’ In 
order to pick up the eleczrons at 500 Kev (8=0.86) and 
accelerate them to essentially the velocity of light without 
change in the radius of the equilibrium orbit, the radio- 
frequency has to be modulated between the limits 34.4 and 
40 me. A circuit which accomplishes this is in operation.‘ 
Two 10,000-mc reflex klystrons, one of which is frequency 
modulated through modulation of the reflector voltage, 
feed a mixer. The difference frequency, 34.4 to 40 me, is 
amplified by a broad band amplifier whose final stage has 
1-kw output. Double resonant circuits are used as coupling 
between stages and between the last stage and the cavity. 
A cavity having the required low Q can be made (a) small 
in volume with high lumped capacitance at the center or 
(b) large in volume with low lumped capacitance and a 
resistance load at the center. The latter requires the smaller 
driving amplifier, for a given voltage and frequency de- 
viation. Our cavity is about 8 feet in diameter. The magnet 
is being designed for 20 cycle per second continuous opera- 
tion. The low frequency used will allow the coils to be made 
of 3X” solid rectangular wire, compactly wound, with 
occasional layers of }’’ copper tubing for water cooling, 
without appreciable loss due to eddy currents. At this 
frequency the dielectric loss in the capacitor bank is small 
(proportional to 1/f?), and this makes it possible to use 
d.c. capacitors rather than the more expensive power 
factor capacitors. The method of driving the magnet which 
at present seems to be the most promising is that of adding 
a small charge to the condenser bank at the top of each 
cycle, through a grid-controlled gas tube. The minimum 
frequency at which it is profitable to operate a synchrotron 
is determined mainly by the loss of electrons caused by 
gas scattering during the early part of the acceleration 
cycle. A high rate of acceleration (2xf°Egnqi) and a high 
injection energy are favorable in regard to loss by scatter- 
ing. Calculations along these lines® indicate that 20 cycles 
per second is sufficiently high for the synchrotron under 
consideration. 


* This work is supported by the Bureau of Ordnance, U. S. Navy, 
under Contract NOrd-7924. 

1H. R. Crane, Phys. Rev. 69, 542 (1946). 

2D. M. Dennison and T. H. Berlin, Phys. Rev. 69, 542 (1946). 

3 Robert Serber, private communication. 

4R. W. Bogle, to be published. J 

§ T. H. Berlin and D. M. Dennison, to be published. 


SATURDAY AFTERNOON 


SATURDAY AFTERNOON AT 4:15 


Auditorium 


Discussion 


Relative Advantages of Proton and Electron Accelerators 


Discussion Leader: C. G. Suits, General Electric Company 


L. ALVAREZ, University of California 

E. O. LawRENCE, University of California 

J. Lawson, General Electric Company 

E. McMILLAN, University of California 

I. I. Rast, Columbia University 

M. G. Waite, Princeton University 

R. R. Witson, Harvard University 

J. R. Zacuarias, Massachusetts Institute of Technology 


’ 


— - 
= 


= 
“2 
= 
~ 
~ 
— 
A, 


(To be sent to Karl K. Darrow, American Physical So- 
ciety, Columbia University, New York 27, New York) 


EXPECT to attend the dinner of the Amer- 

ican Physical Society at the Men’s Faculty 
Club of Columbia University, 400 West 117 
Street, at seven o’clock on Friday evening, Sep- 
tember 20, 1946. My party will consist of 
persons. 


